Inversion of axial coordination in myoglobin to create a "proximal" ligand binding pocket.
A ligand binding pocket has been created on the proximal side of the heme in porcine myoglobin by site-directed mutagenesis. Our starting point was the H64V/V68H double mutant which has been shown to have bis-histidine (His68 and His93) heme coordination [Dou, Y., Admiraal, S. J., Ikeda-Saito, M., Krzywda, S., Wilkinson, A. J., Li, T., Olson, J. S., Prince, R. C., Pickering, I. J., George, G. N. (1995) J. Biol. Chem. 270, 15993-16001]. The replacement of the proximal His93 ligand by noncoordinating Ala (H64V/V68H/H93A) or Gly (H64V/V68H/H93G) residues resulted unexpectedly in a six-coordinate low-spin species in both ferric and ferrous states. To test the hypothesis that the sixth coordinating ligand in the triple mutants was the imidazole of His97, this residue was mutated to Phe, in the quadruple mutants, H64V/V68H/H93A/H97F and H64V/V68H/H93G/H97F. The ferric quadruple mutants show a clear water/hydroxide alkaline transition and high cyanide and CO affinities, characteristics similar to those of wild-type myoglobin. The nu(Fe-CO) and nu(C-O) stretching frequencies in the ferrous-CO state of the quadruple mutants indicate that the "proximal" ligand binding heme pocket is less polar than the distal pocket in the wild-type protein. Thus, we conclude that the proximal heme pocket in the quadruple mutants has a similar affinity for exogenous ligands to the distal pocket of wild-type myoglobin but that the two pockets have different polarities. The quadruple mutants open up new approaches for developing heme chemistry on the myoglobin scaffold.